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Abstract: The study employed high-temperature X-ray diffraction, quantitative phase analysis, and tensile mechanical property measure-

ments to investigate the relationship between thermal coefficient of linear expansion (TСLE) and phase composition, along with the aver-

age yield strengths and Young's moduli of Al–Cu–Li alloys in three different sheet orientations: 1441, V-1461, V-1469, V-1480, and V-1481. 

The copper content within the solid solution and the mass fractions of the T1(Al2CuLi) and δ′(Al3Li) phases were determined using an 

innovative technique based on measuring the lattice distance of the α solid solution, Vegard's law, and balance equations for the elemental 

and phase compositions of the alloys. It was observed that as the lithium-to-copper ratio in the alloys increased from 0.32 to 1.12, the 

proportion of the δ′(Al3Li) phase increases from 6.3–8.4 wt.% in V-1481, V-1480 and V-1469 alloys to 16.0–17.3 wt.% in 1441 and V-1461 

alloys, accompanied by a decrease in the T1(Al2CuLi) phase from 5 to 1 wt.%. This led to an increase in the Young's modulus from 75 to 

77 GPa due to higher overall proportion of intermetallic compounds and a reduction in yield strength from 509 to 367 MPa due to the 

decrease in the T1 phase. This decrease in yield strength resulted from the fact that the hardening effect of the T1 phase was 3–4 times 

greater than that of the δ′ phase, and this couldn't be offset by an increase in the total intermetallic compound proportion. The observed 

increase in Young's modulus indicated that the elastic properties of the intermetallic phases were similar, and the rise in the total fraction 

of intermetallic compounds compensated for the decrease in the T1 phase. Furthermore, it was demonstrated that TСLE, as measured 

based on the thermal expansion of the solid solution, also depended on the characteristics of the intermetallic phases present in the alloy. 

This expanded the potential interpretations of TСLE measurement results.
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Introduction

The thermal coefficient of linear expansion 

(TCLE) is a critical characteristic for both structural 

and functional materials. A mismatch in TCLE between 

phases or components can result in product failure 

during thermal cycling. Additionally, in materials with 

non-cubic lattices, TCLE anisotropy becomes a signifi-
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Аннотация: Методами высокотемпературной рентгенографии, количественного фазового анализа и измерения механических 

свойств при растяжении определяли корреляционные соотношения характеристик термического коэффициента линейного 

расширения (ТКЛР) и фазового состава с усредненными значениями по 3-м направлениям в листах пределов текучести и моду-

лей Юнга сплавов системы Al–Cu–Li: 1441, В-1461, В-1469, В-1480 и В-1481. Содержание меди в твердом растворе и массовые доли 

фаз T1(Al2CuLi) и δ′(Al3Li) оценивали с помощью оригинальной методики, основанной на измерении периода решетки α-твер-

дого раствора, законе Вегарда и уравнениях баланса элементного и фазового составов сплавов. Показано, что с увеличением 

отношения лития к меди в сплавах от 0,32 до 1,12 повышается доля δ′(Al3Li)-фазы от 6,3–8,4 мас.% в сплавах В-1481, В-1480 и 

В-1469 до 16,0–17,3 мас.% в сплавах 1441 и В-1461 за счет снижения количества T1(Al2CuLi)-фазы от 5 до 1 мас.%. Это приводит к 

увеличению модуля Юнга от 75 до 77 ГПа из-за возрастания суммарной доли интерметаллидов и к снижению предела текучести 

от 509 до 367 МПа из-за уменьшения количества Т1-фазы, поскольку эффект упрочнения T1-фазы в 3–4 раза превосходит упроч-

нение от выделения δ′-фазы, что не может быть скомпенсировано повышением суммарной доли интерметаллидов. Тот факт, что 

модуль Юнга при этом увеличивается, свидетельствует о том, что упругие свойства интерметаллидных фаз близки и возрастание 

суммарной доли интерметаллидов компенсирует снижение количества T1-фазы. Показано, что величина ТКЛР, измеренная на 

основании термического расширения твердого раствора, зависит также от характеристик присутствующих в сплаве интерметал-

лидных фаз, что расширяет возможности интерпретации результатов измерения ТКЛР. 
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cant concern, potentially leading to inconsistent defor-

mation in grains of different orientations, even within 

single-phase alloys. Experimental determination of 

TCLE through high-temperature X-ray imaging, as op-

posed to dilatometry, offers the advantage of measuring 

TCLE in various phases within multiphase systems [1], 
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as well as in thin surface layers and coatings [2]. However, 

when it comes to structural materials, research pre-

dominantly focuses on determining TCLE values 

using the dilatometric method, primarily to address 

component compatibility issues in composite mate-

rials.

It is worth noting that many articles in the field of 

materials science often use the term “thermal expan-

sion” instead of TCLE, emphasizing the physical as-

pects rather than solely the engineering considerations 

of these effects. Several studies in this domain delve into 

the unique category of modern materials character-

ized by negative (negative thermal expansion — NTE) 

or small positive (low positive thermal expansion — 

PTE) thermal expansion [3—5]. This phenomenon 

is achieved due to the strong anisotropy of interato-

mic bonding forces, causing TCLE to be negative along 

some crystallographic directions and positive along 

others. Consequently, the volumetric TCLE within a 

certain temperature range is considered as zero ther-

mal expansion (<1·10–6 K–1). This effect has been ob-

served in materials such as CrB2 [3], Hf0.80Ta0.20Fe2.5 

[4], Nb14W3O44 [5]. 

This effect is most pronounced in graphite, where 

the combination of negative TCLE values within the 

plane of the basis and high positive TCLE values along 

the “c” axis results in significant stress at the interfaces 

of crystallites with different orientations during thermal 

cycling. This stress leads to premature material failure. 

To address this issue, the use of isotropic, isostatically 

molded graphite has been proposed [6]. Furthermore, 

research has shown that TCLE anisotropy can be mi-

tigated by utilizing nanographite in the form of carbon 

nanowalls [7]. 

In another study [8], the influence of temperature 

ranging from 25 to 1150 °C on the phase and structur-

al state of NiCrAlY coatings obtained through plasma 

sputtering was investigated using high-temperature 

X-ray diffraction. This research provided insights in-

to the conditions of metallic and intermetallic phases 

(γ-Ni, γ ′-Ni3Al, β-NiAl and α-Cr), but also on the ox-

idation of the coating, including the formation of ther-

mally growing oxides (TGO).

In [9], an innovative approach was proposed to en-

hance the fracture toughness of α-Al2O3 ceramics. This 

involved creating a layered composite with alternating 

textureless and textured layers, each characterized by 

different TCLE values. The authors attributed the im-

proved fracture resistance of the layered composite to 

the stress state controlled by the TCLE gradient, which 

holds promise for enhancing the plastic characteristics 

of ceramics.

For efficient cooling systems with high heat dis-

sipation capacity, a W—Cu composite was developed 

[10]. This composite combines the high thermal con-

ductivity of Cu with a reduced TCLE (~10 ·10–6 K–1) 

due to the presence of W. This reduction in TCLE 

makes it compatible with the TCLE of electronic com-

ponents. High-temperature synchrotron radiation was 

employed to determine TCLE, including the anisot-

ropy of TCLE, of tetragonal lattice anatase nanopar-

ticles doped with Al, In, In + Cr, and Ag + Cr [11]. 

Additionally, first-principles TCLE calculations were 

performed, showing good agreement with experimen-

tal data for Cu (isotropic case) and AlN (anisotropic 

case) [12]. 

Unfortunately, there is limited literature fo-

cusing on the use of thermal expansion for metallur-

gical purposes. While magnesium alloys offer several 

advantages, their high TCLE (26 ·10–6 К–1), restricts 

their use in electronics. Consequently, research is ac-

tively exploring alloying elements that can reduce the 

TCLE of magnesium [13—15]. For example, a study 

demonstrated that the addition of 4 wt.% Si reduces 

the TCLE of pure Mg from 26 ·10–6 to 17.98·10–6 К–1 

due to the formation of the Mg2Si phase with a low 

TCLE value of 7,5 ·10–6 К–1. In the case of VNS9-Sh 

TRIP steel, research [16] revealed a decomposition 

of approximately 40 % of austenite within a surface 

layer of about 5 μm, resulting in significant compres-

sive stresses. To understand these processes in thin 

layers, determining TCLE values of α and γ phases in 

TRIP steel under different thermomechanical condi-

tions is crucial [17].

A promising approach for analyzing multiphase sys-

tems is demonstrated in a study [1], where TCLE measu-

rements of solid solutions, silicon, and six intermetallic 

phases in foundry alloys such as Al—9.5Si—5.1Cu—

0.5Fe, Al—12.5Si—3.9Cu—2.8Ni—0.7Mg—0.4Mn, 

Al—9.6Si—4.4Ni—0.5Fe, Al—9.5Si—2.5Mn—0.5Fe 

were conducted using high-temperature X-ray radio-

graphy (from room temperature to 400 °C). Impor-

tantly, the alloy compositions were carefully selec-

ted to ensure distinct diffraction from intermetallic 

compounds, enabling the determination of TCLE 

values along different crystallographic axes of tetrag-

onal Al2Cu, monoclinic Al9FeNi, hexagonal Al3Ni2, 

orthorhombic Al3Ni, and trigonal Al7Cu4Ni. This 

allowed for the identification of correlations not 

only related to the mismatch between TCLE values 

of intermetallic compounds and the matrix but also 

to their anisotropy. The results from this study [1] 

highlight that TCLE compatibility issues are rele-

vant not only for substrate coatings and composite 



60

Izvestiya. Non-Ferrous Metallurgy  •  2023  •  Vol. 29  •  No. 5 •  P. 57–68 

Ashmarin A.A., Gordeeva M.I., Betsofen S.Ya. et al.  Investigation of the effect of phase composition on thermal expansion... 

components but also for solid solutions and interme-

tallic particles. Moreover, investigating the relation-

ships between TCLE values and the mechanical and 

service properties of alloys and coatings is of great 

importance.

Al—Li alloys are extensively utilized in aerospace 

applications owing to their unique blend of low density, 

necessary strength, and exceptionally high elastic mo-

dulus values in comparison to other aluminum al-

loys [18]. Currently, research is advancing in the di-

rection of developing a new generation of materials for 

aircraft construction: laminated aluminous-glass plas-

tics (SIALs) based on the Al—Cu—Li system. This in-

novation is projected to enhance the elastic modulus by 

8—10 % while reducing the density of SIALs by 5—7 % 

[19; 20]. Nevertheless, optimizing alloy compositions 

to achieve maximum strength or elastic properties en-

counters methodological challenges in estimating elastic 

properties. In this context, exploring correlations be-

tween the elastic moduli and TCLE values of Al—Cu—Li 

alloys holds promise.

This paper examines the relationships between 

TCLE characteristics and the properties of Al—Cu—Li 

alloys. Such investigations can broaden the applicability 

of the TCLE measurement method concerning the study 

and prediction of the structural phase state and proper-

ties of these materials.

1. Materials and methods

1.1. Materials 

The materials employed in this study comprised 

sheets of Al—Cu—Li alloys with thicknesses ranging 

from 1 to 3 mm. Specifically, the alloys examined in-

cluded 1441, V-1461, V-1469, V-1480, and V-1481 va-

riants. Table 1 provides the composition details of the pri-

mary alloying elements (Cu and Li). These sheets were 

manufactured through rolling processes at OAO “KUMZ” 

(Kamensk—Uralsky). Subsequently, they underwent a 

series of heat treatments, including: hardening via coo-

ling in cold water, straightening, and artificial ageing 

with either, two, or three stages. Al—Li alloy samples 

were tested using a Zwick/Roell KAPPA 50DS test-

ing machine (Germany) equipped with a force sensor 

of accuracy class 0.5 and a makroXtens strain gauge 

(Zwick Roell, Germany) with a 50 mm design length. 

The testing procedure began with a motion speed of 

2 mm/min in the elastic segment, which was subse-

quently increased to 5 mm/min once the yield strength 

was determined. Tensile mechanical properties at 

room temperature were determined according to State 

Standards GOST 1497 and GOST 11701, and Young’s 

modulus was calculated using regression analysis on a 

linear segment. 

1.2. Methods 

X-ray diffraction patterns were recorded using an 

XRD-600 X-ray diffractometer (Shimadzu, Japan) with 

a HA-1001 high-temperature attachment in an atmos-

pheric environment. Copper radiation was employed 

with β filtering, and data were collected in the angular 

range 2θ = 20÷60° at temperatures of 20, 100, 150, 200, 

300, 400, 500 °C.

In order to determine the lattice period (a) for the 

reflection (hkl) of a crystal with a cubic lattice at each 

recording temperature (ti), the following formula was 

applied: 

  (1)

The TCLE values (α100—500) were calculated for 

the temperature range of 100—500 °C by the least 

squares method by determining the slope of the 

straight line in the corresponding coordinates ati
 — ti 

(Fig. 1).

2. Results and discussion

Figure 2 illustrates X-ray diffraction patterns for 

five alloys within the Al—Cu—Li system, each distin-

guished by variations in their Cu and Li content. 

These X-ray diffraction patterns exclusively display 

reflections from the FCC α solid solution. Neverthe-

Fig. 1. Lattice distance as a function of X-ray temperature 

for the (111) reflection of the V-1469 alloy

Рис. 1. Зависимость периода решетки от температуры 

рентгеновской съемки для рефлекса (111) сплава В-1469
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less, the relative intensities of these reflections differ 

across the various alloys. This discrepancy in reflec-

tion intensities hints at differences in textures, which 

play a vital role in explaining the inherent anisotropy of 

properties characteristic of alloys within this alloying 

system.

By calculating the lattice periods of the α solid solu-

tion based on the position of the reflections in the X-ray 

diffraction patterns, it becomes possible to estimate the 

copper content within the solid solution and the mass 

fractions of the T1(Al2CuLi) and δ′(Al3Li) phases. This 

estimation is carried out using an innovative technique, 

as described in [21]. The method relies on measuring the 

lattice period of an α solid solution, applying Vegard’s 

law, and employing balance equations for the elemental 

and phase compositions of these alloys. The calculation 

Fig. 2. X-ray patterns of the Al–Cu–Li 

alloys

a – 1441, b – V-1461, c – V-1469, d – V-1480, 

e – V-1481

Рис. 2. Рентгенограммы сплавов 

системы Al–Cu–Li

а – 1441, b – В-1461, c – В-1469, d – В-1480, 

e – В-1481
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equations for alloys of the Al—Cu—Li system are as fol-

lows:

  

(2)

Wδ′ = 100 – Wα – WT1
,

where X 0
Al, X

0
Cu, X 0

Li represent the concentrations of Al, 

Cu and Li in the alloy, respectively, wt.%; Wα, WT1
, Wδ′ 

denote the content of the α, T1 and δ′ phases, respec-

tively, wt.%; X α
Al, X α

Cu, X α
Li, XT1

Al
, XT1

Cu
, XT1

Li
, X δ′

Al, X δ′
Li 

represent the concentrations of Al, Cu and Li in the α, 

T1 and δ′ phases, respectively.

The values of X δ′
Li, X δ′

Al, XT1
Al

, XT1
Cu

, XT1
Li

 are calcu-

lated based on the stoichiometry of the T1(Al2CuLi) and 

δ′(Al3Li) phases. 

0,01WαX 0
Mg (Δа/ΔX)α

Mg is the change in the lattice con-

stant due to presence of magnesium in the solid solu-

tion, Å; (Δа/ΔX)α
Cu represents the change of the lattice 

constant by 1 wt.% Cu, Å/wt.%.

Figure 3 provides graphical representations of the 

dependencies of mass fractions of intermetallic phases 

for two of the five alloys, specifically 1441 and V-1480. 

These dependencies reveal a clear trend: as the ratio of 

lithium content to copper content in the alloy increas-

es, the fraction of the δ′ phase markedly rises, while the 

fraction of the ternary phase decreases. Table 1 compiles 

the quantities of intermetallic phases, calculated using 

Eq. (2), further confirming this pattern.

The ratio X 0
Li /X 0

Cu increases from 0.32 in the V-1480 

alloy to 1.12 in the 1441 alloy. This increase in this ra-

tio results in a higher fraction of the δ′(Al3Li) phase, 

ranging from 6.3 to 17.3 wt.%, while reducing the pro-

portion of the T1(Al2CuLi) phase from 5 to 1 wt.%. 

Consequently, the total amount of intermetallic phases 

increases because the δ′ phase (6.3—17.3 wt.%) signi-

ficantly outweighs the T1 phase (1—5 wt.%) in quan-

tity. It is noteworthy that the total amount of interme-

tallic phases in these alloys is notably greater than in 

other aluminum alloys. Only in the V-1481 alloy, with 

a low lithium content of 1 wt.%, does the total amount 

of intermetallic phases fall below 10 wt.% (7.5 wt.%). In 

the remaining four alloys, the quantity of intermetallic 

compounds ranges from 11.7 to 18.5 wt.%. This obser-

vation accounts for the fact that alloys containing li-

thium exhibit the highest Young’s modulus among alu-

minum alloys.

Another notable characteristic of these alloys is the 

significantly more pronounced anisotropy in mechani-

cal properties when compared to other aluminum alloys. 

Interestingly, the crystallographic texture in alloys con-

Fig. 3. Fractions of T1 and δ′ phases as a function of the lattice period of the α-Al-solid solution in Al–Cu–Li alloys

a – alloy 1441 (1.6Cu–1.8Li); b – V-1480 (3.8Cu–1.2Li)

Рис. 3. Зависимости количества Т1 и δ′-фаз от периода решетки α-твердого раствора Al 

в сплавах системы Al–Cu–Li

а – сплав 1441 (1,6Cu–1,8Li); b – В-1480 (3,8Cu–1,2Li)
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taining lithium is practically indistinguishable from that 

in other aluminum alloys. It is possible that intermetal-

lic phases play a role in contributing to this anisotropy 

effect. Investigating the anisotropy of these alloys is a 

distinct endeavor and will be the focus of our upcoming 

study. The current research aims to establish correlations 

between chemical and phase compositions, mechanical 

properties, and thermal expansion in lithium-contain-

ing alloys. Given the complexity of accounting for an-

isotropy, we opted to average the mechanical properties 

using a well-known formula for estimating the Lankford 

coefficient, which is averaged for sheet materials: 

Xavg = (ХL + ХT + 2Х45°)/4,  (3)

where X = E, σu, σ0.2, δ are in the longitudinal rolling 

direction (L), transversal direction (T), and at an angle 

of 45°.

Figure 4, which illustrates the anisotropy of mechan-

ical properties, showcases the results of testing in three 

directions for the V-1480 alloy sheet. The mechanically 

averaged properties, calculated using Eq. (3), are pre-

sented in Table. 2.

The increase in the X 0
Li /X 0

Cu ratio from 0.32 in alloy 

V-1480 to 1.12 in alloy 1441 is accompanied by a rise in 

Young’s modulus and a decline in yield strength of these 

alloys (Fig. 5, a). However, the underlying reasons for 

these changes differ. The increase in Young’s modulus 

is attributed to a rise in the overall proportion of inter-

metallic compounds, progressing from 7.5—13.0 wt.% 

in V-1481, V-1480, and V-1469 alloys to 18.3—18.5 wt.% 

in 1441 and V-1461 alloys (see Table 1). Conversely, the 

quantity of the T1 phase decreases, contributing to a 

reduction in yield strength (Fig. 5, b). This decrease in 

yield strength occurs because, as demonstrated in [21], 

the hardening effect caused by the T1 phase is 3—4 times 

greater than the hardening effect resulting from δ′ phase 

separation. Consequently, the decrease in the amount of 

the T1 phase in 1441 and V-1461 alloys cannot be ade-

quately offset by a significant increase in the overall pro-

portion of intermetallic compounds in these alloys. The 

fact that Young’s modulus increases while yield strength 

decreases indicates that the elastic properties of the in-

termetallic phases are comparable, and the overall in-

crease in the fraction of intermetallic compounds com-

pensates for the decrease in the T1 phase content.

Figure 6 displays the composite X-ray diffraction 

images of the (200) planes of the α Al solid solution for 

alloys 1441 and V-1469. These images were acquired 

through imaging at temperatures of 20, 100, 200, 300, 

400, and 500 °C. These images were then used to cal-

Table 2. Primary alloying elements (Cu and Li), TСLЕ (α), Young’s modulus (E) and yield strength (σ0.2) 
within Al–Cu–Li alloys

Таблица 2. Количество основных легирующих элементов (Cu и Li), величины ТКЛР (α), модуля Юнга (Е) 

и предела текучести (σ0,2) в сплавах системы Al–Cu–Li

Alloy X 0
Cu, wt.% X 0

Li, wt.% X 0
Li /X 0

Cu α ·106, К–1 E, GPa σ0,2, MPa

V-1480 3.8 1.2 0.32 26.2 75.3 509.2

V-1481 3.0 1.0 0.33 26.0 75.1 478.8

V-1469 3.8 1.3 0.34 25.1 74.5 509.2

V-1461 2.9 1.8 0.62 23.6 76.5 468.3

1441 1.6 1.8 1.12 22.8 77.3 366.7

Table 1. Primary alloying elements (Cu and Li), wt.%, and content of T1 and δ′ phases, wt.%, 
within Al–Cu–Li alloys

Таблица 1. Количество основных легирующих элементов (Cu и Li), мас.%, 

и содержание Т1- и δ′-фаз, мас.%, в сплавах системы Al–Cu–Li

Alloy X 0
Cu X 0

Li X 0
Li /X 0

Cu WT1
Wδ′ WT1

 + Wδ′

V-1480 3.8 1.2 0.32 5.0 6.7 11.7

V-1481 3.0 1.0 0.33 1.2 6.3 7.5

V-1469 3.8 1.3 0.34 4.6 8.4 13.0

V-1461 2.9 1.8 0.62 2.5 16.0 18.5

1441 1.6 1.8 1.12 1.0 17.3 18.3
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culate the TCLE, with the resulting values (α) pro-

vided in Table 2.

The rise in the X 0
Li /X 0

Cu ratio from alloy V-1481 

to alloy 1441 coincides with an increase in Young’s 

modulus and a decrease in TCLE (Fig. 7). This pat-

tern would be expected for a single-phase alloy, as 

an increase in Young’s modulus typically signifies an 

augmentation in interatomic bonding forces, which, in 

turn, should lead to a reduction in TCLE. However, in 

the case of alloys containing lithium, the heightened 

Young’s modulus is attributed to the substantial pres-

ence of intermetallic phases, which possess a higher 

Young’s modulus than the solid solution. Consequent-

ly, the decrease in TCLE value may not be directly 

attributed to this factor. This is because the TCLE 

measurement pertains solely to the solid solution and 

not to the TCLE of the solid solution combined with 

intermetallic compounds, as is the case with Young’s 

modulus measurements.

Therefore, the variation in TCLE in Al—Cu—Li al-

loys suggests that TCLE values, measured based on the 

thermal expansion of the atoms within the solid solu-

tion, exhibit a dependency on the intermetallic parti-

cles present within the solid solution. This dependency’s 

presence should result in a violation of the additivity rule 

when averaging TCLE for composites and multiphase 

alloys comprising components with significantly dif-

ferent elastic properties. The most well-known models 

Fig. 4. Mechanical properties (δ, σ0.2, σu, Е) of V-1480 alloy sheets in the longitudinal rolling direction (L), 

transverse direction (T) and at a 45°angle

Рис. 4. Механические свойства (δ, σ0,2, σв, Е) листов сплава В-1480 в долевом направлении прокатки (L), 

поперечном (T) и под углом 45°

Fig. 5. Young's modulus and yield strength as functions of the ratio of lithium to copper concentration (X 0
Li /X 0

Cu) (a), 

and yield strength as a function of the amount of T1-phase (b) in Al–Cu–Li alloys

Рис. 5. Зависимости модуля Юнга и предела текучести от соотношения концентраций лития и меди (X 0
Li /X 0

Cu) (а) 

и зависимость предела текучести от количества Т1-фазы (b) в сплавах системы Al–Cu–Li
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for such averaging are the Kerner model (Eq. 4) and the 

Turner model (Eq. 5):

  

(4)

  
(5)

where K = E/[3(1 – 2ν)] represents the volumetric mod-

ulus, G = E/[2(1 + ν)] denotes the shear modulus, Vm 

and Vp represent the volumetric fractions of the matrix 

and the second phase, respectively. These models were 

employed in [13] during studies involving the influ-

ence of Si on TCLE of Mg—Si—Ca alloys. The results 

demonstrated that the experimental TCLE values align 

with the calculations within the framework of the Kerner 

model. These findings underscore the complex nature of 

the interaction between the matrix and the second phase 

during thermal expansion.

Conclusions

An analysis was conducted to examine the corre-

lation between thermal coefficient of linear expansion 

(TCLE) characteristics and phase composition with the 

properties of Al—Cu—Li alloys under tensile stress. The 

study reveals that an increase in the ratio of lithium to 

copper content in the alloys results in a higher propor-

tion of the δ′(Al3Li) phase, primarily due to a decrease 

in the quantity of the T1(Al2CuLi) phase. Additionally, 

the overall amount of intermetallic phases increases be-

cause the δ′ phase significantly outweighs the T1 phase 

in quantity. This leads to an increase in Young’s modulus 

but a decrease in yield strength and TCLE. The rise in 

Young’s modulus is attributed to the increased presence 

of intermetallic compounds, while the decline in yield 

Fig. 6. Combined reflections (200) of the α Al solid solution, obtained by X-ray photography of alloys 1441 (a) and V-1469 (b) 

at different temperatures

Рис. 6. Совмещенные рефлексы (200) α-твердого раствора Al, полученные рентгеновской съемкой сплавов 1441 (а) 

и В-1469 (b) при различных температурах

Fig. 7. Dependence of TCLE (α) and Young's modulus (E) 

as a function of the ratio of lithium to copper concentration 

(X 0
Li /X 0

Cu) for Al–Cu–Li alloys

Рис. 7. Зависимость ТКЛР (α) и модуля Юнга (Е) 

от соотношения концентраций лития и меди (X 0
Li /X 0

Cu) 

для сплавов системы Al–Cu–Li
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strength is associated with the decreased T1 phase con-

tent. It’s worth noting that the hardening effect of the 

T1 phase is 3—4 times greater than that of the δ′ phase, 

and a reduction in the T1 phase content cannot be fully 

compensated by an increase in the overall fraction of in-

termetallic compounds. The fact that Young’s modulus 

increases while yield strength decreases indicates that 

the elastic properties of the intermetallic phases are sim-

ilar. Consequently, the overall increase in the fraction of 

intermetallic compounds compensates for the decrease 

in the T1 phase content. The study demonstrates that 

TCLE, measured based on the thermal expansion of 

solid solution atoms, is influenced by the characteris-

tics of the intermetallic phases present in the alloy. This 

suggests that TCLE in multiphase alloys and composites 

results from a complex interaction among mixture com-

ponents. While this complexity complicates the inter-

pretation of TCLE measurements, it also broadens the 

possibilities for interpretations.
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